Mildly disrupted cells of Chlamydomonas reinhardi Dangeard were incubated in a reaction medium containing glycolate, ferricyanide, and cupric ions, and then processed for electron microscopy. As a result of the cytochemical treatment, an electron opaque product was deposited specifically in the outer compartment of mitochondria; other cellular components, including microbodies, did not accumulate stain. Incubation with D-lactate yielded similar results, while treatment with L-lactate produced only a weak reaction. Oxamate, which inhibits glycolate dehydrogenase activity in cell-free extracts, also inhibited the cytochemical reaction. These rmdings demonstrate in situ that glycolate dehydrogenase is localized in mitochondria, and thus corroborate similar conclusions reached on the basis of enzymic studies of isolated algal organelles.
Sueoka high salt medium (17) at 25 C with constant bubbling of air. A 16 hr light-8 hr dark cycle was maintained, with a light intensity of 400 ft-c provided by fluorescent and incandescent sources. Cells were typically harvested during the log phase of growth.
Partial Disruption of Cells. In order to establish sonication conditions providing a degree of cell disruption optimal for the cytochemical work, cells were collected and treated according to Curtis et al. (5) . Chilled algal suspensions were sonicated for various lengths of time at several power settings with a Sonifier Cell Disruptor, model W185 (Heat Systems-Ultrasonics Inc., Plainview, N. Y.). Rates of light-dependent 02 evolution before and after addition of ferricyanide were measured for each sonicated sample with a YSI model 53 oxygen monitor. The percentages of intact cells remaining following sonication were determined by direct cell counts with a hemocytometer.
Cytochemical Assay for Glycolate Dehydrogenase. Once harvested, Chlamydomonas cells were rinsed twice with 50 mM Kphosphate (pH 7.2) and resuspended in this buffer, using approximately 1 ml packed cells/25 ml final volume. Aliquots of this suspension were then sonicated at power setting 3 for 5 sec with the sonifier described above. The partially disrupted cells were incubated in a cytochemical reaction medium in the dark at 25 C for 20 min, or in other cases for 2 or 5 min. The standard medium, mixed immediately before use in the order listed, consisted of the following ingredients (final concentrations in parentheses): 2.5 ml 0.2 M K-phosphate, pH 7.2 (50 mM); 2 ml 25 mm Na-K-tartrate (5 mM); 2 ml 25 mM CuSO4 (5 mM); 0.4 ml 50 mm K-ferricyanide (2 mM); 0.4 ml 0.5 M Na-glycolate (20 mM); and 2.7 ml H20. In other experiments, glycolate was replaced by 0.4 ml of either H20, 0.5 M D(-)-lactate, or 0.5 M L(+)-lactate. For studies on oxamate inhibition, samples were preincubated for 30 min in a 50 mm K-phosphate buffer, pH 7.2, containing either 20 mm or 100 mm Na-oxamate. They were then incubated for 5 or 20 min in the standard cytochemical reaction mixture also containing 20 mm or 100 mM oxamate.
Although most cytochemical incubations were carried out using unfixed samples, several types of prefixation were tested:
(a) 4% formaldehyde in 50 mm K-phosphate, pH 7.2, for 10, 20 , and 30 min at room temperature; (b) 1% purified glutaraldehyde (Polysciences, Inc.) in 50 mm K-phosphate, pH 7.2, for 10 min at 4 C; and (c) 4% formaldehyde-1 % glutaraldehyde in 50 mm K-phosphate, pH 7.2, for 20 min at 4 C. These prefixed samples were then rinsed twice in buffer prior to cytochemical treatment.
Preparation for Electron Microscopy. Following cytochemical incubation, the cells were rinsed once with 50 mm K-phosphate, pH 7.2, embedded in 2% agar, and rinsed two more times. The samples were fixed in 2% glutaraldehyde (buffered with 50 mM K-phosphate, pH 7.2) for 60 min at room temperature, then rinsed for at least 60 min with four or five changes of 50 mm Kphosphate, pH 7.2. Postfixation was in 2% OSO4, buffered at pH 7.2 with 50 mm K-phosphate, for 60 min at room temperature. This was followed by dehydration in acetone and infiltra-tion with Spurr's low viscosity resin (14) . Silver gray sections were cut with a Sorvall MT-2 ultramicrotome, poststained with 2% aqueous uranyl acetate for 10 min followed by lead citrate for 5 min, and examined with a Philips EM-300 electron microscope.
Spectrophotometric Assays for Glycolate Dehydrogenase. Cell-free extracts of Chlamydomonas were prepared by passing cell suspensions through a prechilled French pressure cell at 12,000 to 15,000 p.s.i. The homogenate was centrifuged at 40,000g for 45 min, and the resulting supernatant was used for spectrophotometric assays. The reaction mixture used to determine glycolate-ferricyanide oxidoreductase activity contained 40 mM Na-PPi, pH 8.5, 1 mm K-ferricyanide, algal sample, and 20 mm substrate (either glycolate, D-lactate, or L-lactate). The reaction was initiated by addition of substrate, and reduction of ferricyanide was monitored at 410 nm. Assays for glycolate-DCPIP2 oxidoreductase activity were performed as previously described (6) . RESULTS 
AND DISCUSSION
When previously sonicated Chlamnydomonas cells are incubated, prior to fixation, in a complete ferricyanide reaction medium containing glycolate, an electron dense product is deposited in mitochondria. The greatly enhanced electron opacity of these mitochondria ( Fig. 1) is readily apparent when they are compared to organelles of algal cells fixed routinely and not treated cytochemically (Fig. 2) . The dense mitochondrial product is confined to the compartment between the inner and outer membranes, and normally fills it (Fig. 3) . Here the stain typically forms a continuous amorphous layer which at higher magnification may appear as tightly packed globules. Occasionally, reaction product within an individual profile is "patchy," with some regions of the cristae stained heavily and others not at all. In a few cases there is also a marked diversity in the degree of reactivity among neighboring mitochondrial profiles within the same cell.
The glycolate dependent deposition of reaction product is restricted to mitochondria. Figure 1 . representative of the many algal profiles studied, illustrates that no specific staining reaction is associated with other membranous components such as the plasma membrane, nuclear envelope, or microbody membrane; the endoplasmic reticulum and Golgi apparatus also react negatively. Moreover, no specific reaction product is deposited either in the matrix of other organelles, including microbodies, or in the general cytoplasm. Most cellular constituents may be observed at one time or another to contain random flecks of stain; and many of the cells examined do have some deposit of electron dense material associated with the chloroplast envelope and occasionally the thylakoids. This staining is not dependent upon or augmented by the presence of glycolate in the incubation medium, and is judged to be nonspecific.
Controls designed to test the validity of the cytochemical procedure as a marker of glycolate dehydrogenase activity included incubation with other potential substrates, omission of substrate from the reaction medium, and use of an inhibitor. In algae incubated with the alternate substrate D-lactate (6, 11), mitochondria contain a highly electron dense deposit (Fig. 4) which is virtually indistinguishable in amount and distribution from that in cells treated with glycolate (Fig. 3) . This reaction product, as in the case of glycolate, is strictly limited to the mitochondria. Incubation with L-lactate, on the other hand, yields at most only a slight deposition of reaction product in mitochondria and no specific reaction with other cellular components. One of the most intense reactions observed with L-lactate (Fig. 7) 
